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ELECTRONIC DEVICES COMPRISING 
METAL COMPLEXES HAVING ISONTRLE 

LGANDS 

RELATED APPLICATIONS 

This application is a national stage application (under 35 
U.S.C. S371) of PCT/EP2009/004955, filed Jul. 8, 2009, 
which claims benefit of German Application No. 10 2008 036 
247.6, filed Aug. 4, 2008. 
The structure of organic electroluminescent devices 

(OLEDs) in which organic semiconductors are employed as 
functional materials is described, for example, in U.S. Pat. 
No. 4,539,507, U.S. Pat. No. 5,151,629, EP 0676461 and WO 
98/27136. In recent years, the emitting materials employed 
have increasingly been organometallic complexes which 
exhibit phosphorescence instead of fluorescence (M. A. 
Baldo et al., Appl. Phys. Lett. 1999, 75, 4-6). For quantum 
mechanical reasons, an up to four-fold increase in energy and 
power efficiency is possible using organometallic compounds 
as phosphorescence emitters. In general, however, there is 
still a need for improvement in OLEDs which exhibit triplet 
emission. Thus, the physical properties of phosphorescent 
OLEDs should still be improved with respect to the stability 
of the metal complexes, the efficiency, operating Voltage and 
lifetime. Further improvements are also desirable in the case 
of other compounds used in organic electroluminescent 
devices, such as, for example, matrix materials and charge 
transport materials. 

In accordance with the prior art, the triplet emitters 
employed in phosphorescent OLEDs are usually iridium 
complexes or platinum complexes. An improvement in these 
OLEDs has been achieved by employing metal complexes 
with polypodal ligands or cryptates, as a consequence of 
which the complexes have higher thermal stability, which 
results in a longer lifetime of the OLEDs (WO 04/081017, 
WO 05/113563, WO 06/008069). However, further improve 
ments in the complexes are still necessary in order to achieve, 
in particular, improvements with respect to the efficiency and 
lifetime of electroluminescent devices which comprise these 
complexes. 
The use oftungsten complexes in OLEDs has also already 

been described in the literature (JP 2006/303315). However, 
only tungsten complexes with pyridine ligands, such as, for 
example, bipyridine or terpyridine, and with phosphine 
ligands are explicitly disclosed therein. 
A property of phosphorescent metal complexes as 

employed in accordance with the prior art are very long 
luminescence lifetimes compared with fluorescent com 
pounds. Thus, the phosphorescence lifetimes of iridium com 
plexes at room temperature are usually in the order of 0.5 to 5 
us and those of platinum complexes are in the order of 3 to 30 
us. In particular in the case of passive-matrix addressing of 
organic electroluminescent devices, this may result in prob 
lems since the high luminances necessary here cause Satura 
tion of the excited state, meaning that the efficiency drops off 
considerably at high luminance. Further improvements are 
thus necessary in this area. 

The object of the present invention is therefore to provide 
novel electronic devices comprising metal complexes as 
emitters which exhibit red, orange, yellow, green or blue 
phosphorescence and result in improvements here. 

Surprisingly, it has been found that organic electrolumi 
nescent devices comprising the metal complexes containing 
isonitrile ligands described in greater detail achieve this 
object and result in significant improvements in the organic 
electroluminescent device, in particular with respect to the 
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2 
operating lifetime and the efficiency at high luminance. The 
present invention therefore relates to organic electrolumines 
cent devices which comprise these complexes. 
The state of the art is organic electroluminescent devices 

which comprise tetracoordinated metal complexes with 
isonitrile ligands (WO 08/003.464). However, it is not evident 
from this disclosure that these complexes exhibit particularly 
good efficiency and short luminescence lifetimes. In particu 
lar, a completely different emission mechanism is observed 
with these tetracoordinated, planar complexes, where the 
transitions resulting in emission are based on metal-metal 
interactions between adjacent complexes. High concentra 
tions of the metal complex are therefore necessary, which is 
not desirable, in particular in view of the rarity of noble 
metals. 
The synthesis of a tungsten hexaisonitrile complex with 

monodentate isonitrile ligands is described in Y.Yamamoto et 
al., J. Organomet. Chem., 1985, 282, 191-200; M. O. Albers 
et al., J. Chem. Edu., 1986, 63(5), 444-447; and N.J. Coville, 
1982, 65, L7-L8. No applications of this complex, in particu 
lar applications in electronic devices, are disclosed. Hexaco 
ordinated metal complexes with polydentate isonitrile 
ligands are also known from the literature (for example F. E. 
Hahn et al., J. Organomet. Chem. 1994, 467, 103-111; F. E. 
Hahn et al., J. Organomet. Chem. 1991, 410, C9-C12: F. E. 
Hahn et al., Angew. Chem. 1992, 104, 1218-1221; F. E. Hahn 
et al., Angew. Chem. 1991, 103, 213-215). However, only 
general structural chemistry investigations have been carried 
out with these complexes. The use of Such complexes in 
organic electroluminescent devices is not disclosed. 
The invention thus relates to electronic devices comprising 

at least one metal complex of the formula (1) 

formula (1) 
(L), M-I-CEN-R), 

where the following applies to the symbols and indices used: 
M is a penta- or hexacoordinated transition metal; 
L is on each occurrence, identically or differently, a mono-, 

bi- or tridentate ligand which bonds to the metal Mand may 
be substituted by one or more radicals R'; the ligand Lhere 
may also be bonded to the radical Rof the isonitrile group: 

R is on each occurrence, identically or differently, an organic 
substituent having 1 to 60 C atoms, which may be substi 
tuted by one or more substituents R'; a plurality of radicals 
Rhere may also be linked to one another and thus form a 
polydentate ligand; in addition, the radical R may also be 
linked to the ligand L.; 

R" is on each occurrence, identically or differently, H. D. F. 
C1, Br, I, N(R), CN, NO, Si(R), B(OR), C(=O)R’, 
P(=O)(R), S(=O)R’, S(=O).R, OSOR, a straight 
chain alkyl, alkoxy or thioalkoxy group having 1 to 40 C 
atoms or a straight-chain alkenyl or alkynyl group having 2 
to 40 Catoms or a branched or cyclic alkyl, alkenyl, alky 
nyl, alkoxy or thioalkoxy group having 3 to 40 C atoms, 
each of which may be substituted by one or more radicals 
R, where one or more, preferably non-adjacent CH 
groups may be replaced by RC=CR, C=C, Si(R), 
Ge(R), Sn(R), C-O, C-S, C-Se, C=NR, P(=O) 
(R), SO, SONR, O.S or CONR and where one or more 
Hatoms may be replaced by D, F, Cl, Br, I, CN or NO, or 
an aromatic or heteroaromatic ring system having 5 to 60 
aromatic ring atoms, which may in each case be substituted 
by one or more radicals R, or an aryloxy or heteroaryloxy 
group having 5 to 60 aromatic ring atoms, which may be 
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substituted by one or more radicals R, or a diarylamino 
group, diheteroarylamino group or arylheteroarylamino 
group having 10 to 40 aromatic ring atoms, which may be 
substituted by one or more radicals R, or a combination of 
these systems; two or more substituents R' here may also 
form a mono- or polycyclic aliphatic, aromatic and/or 
benzo-fused ring system with one another, 

R’ is on each occurrence, identically or differently, H. D. For 
an aliphatic, aromatic and/or heteroaromatic hydrocarbon 
radical having 1 to 20 Catoms, in which, in addition, one or 
more H atoms may be replaced by D or F: two or more 
Substituents Rhere may also form a mono- or polycyclic, 
aliphatic or aromatic ring system with one another; 

X is 3, 4, 5 or 6: 
y is 0, 1, 2 or 3, with the proviso that a coordination number 

on the metal of 5 or 6 is achieved. 
The indices X and y are selected so that the coordination 

number on the metal M is in total, depending on the metal, 5 
or 6. It is generally known that metal coordination com 
pounds have different coordination numbers, i.e. bond a dif 
ferent number of ligands, depending on the metal atom 
selected and on the oxidation state of the metal atom. Since 
the preferred coordination numbers of metals or metal ions in 
different oxidation states are part of the general expert knowl 
edge of the person skilled in the art in the area of organome 
tallic chemistry or coordination chemistry, it is straightfor 
ward for the person skilled in the art to use a suitable number 
of ligands depending on the metal and its oxidation state and 
depending on the precise structure of the ligand L, and thus to 
select the indices X and y Suitably. 
An electronic device is taken to mean a device which 

comprises anode, cathode and at least one layer, where this 
layer comprises at least one organic or organometallic com 
pound. The electronic device according to the invention thus 
comprises anode, cathode and at least one layer which com 
prises at least one compound of the formula (1) mentioned 
above. Preferred electronic devices here are selected from the 
group consisting of organic electroluminescent devices (Or 
ganic light-emitting diodes, OLEDS, PLEDs), organic inte 
grated circuits (O-ICs), organic field-effect transistors 
(O-FETs), organic thin-film transistors (O-TFTs), organic 
light-emitting transistors (O-LETs), organic Solar cells 
(O-SCs), organic optical detectors, organic photoreceptors, 
organic field-quench devices (O-FQDS), light-emitting elec 
trochemical cells (LECs) and organic laser diodes (O-lasers), 
comprising at least one compound of the formula (1) men 
tioned above in at least one layer. Particular preference is 
given to organic electroluminescent devices. 
The ligands of the C=N R type are isonitriles (isocya 

nides), which coordinate to the metal via a carbon atom. The 
ligand here is either monodentate, if R represents a monova 
lent group, or bidentate, if R represents a divalent group, 
which either links two isonitrile groups or one isonitrile group 
and the ligand L to one another, or tridentate, if R represents 
a trivalent group which links the isonitrile groups and option 
ally the ligand L to one another. Polydentate ligands are 
likewise possible if L already represents, for example, a 
bidentate or tridentate ligand. 

For the purposes of this invention, an aryl group contains 6 
to 40 C atoms; for the purposes of this invention, a heteroaryl 
group contains 2 to 40 C atoms and at least one heteroatom, 
with the proviso that the sum of C atoms and heteroatoms is 
at least 5. The heteroatoms are preferably selected from N, O 
and/or S. An aryl group or heteroaryl group here is taken to 
mean either a simple aromatic ring, i.e. benzene, or a simple 
heteroaromatic ring, for example pyridine, pyrimidine, 
thiophene, etc., or a condensed aryl or heteroaryl group, for 
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4 
example naphthalene, anthracene, phenanthrene, quinoline, 
isoquinoline, etc. For the purposes of this invention, a cyclic 
carbene is a cyclic group which bonds to the metal via a 
neutral C atom. The cyclic group here may be saturated or 
unsaturated. Preference is given here to Arduengo carbenes, 
i.e. carbenes in which two nitrogen atoms are bonded to the 
carbene C atom. A five-membered Arduengo carbene ring or 
another unsaturated five-membered carbene ring is likewise 
regarded as an aryl group for the purposes of this invention. 

For the purposes of this invention, an aromatic ring system 
contains 6 to 60 C atoms in the ring system. For the purposes 
of this invention, a heteroaromatic ring system contains 2 to 
60 C atoms and at least one heteroatom in the ring system, 
with the proviso that the sum of C atoms and heteroatoms is 
at least 5. The heteroatoms are preferably selected from N, O 
and/or S. For the purposes of this invention, an aromatic or 
heteroaromatic ring system is intended to be taken to mean a 
system which does not necessarily contain only aryl or het 
eroaryl groups, but instead in which, in addition, a plurality of 
aryl or heteroaryl groups may be interrupted by a non-aro 
matic unit (preferably less than 10% of the atoms other than 
H), such as, for example, an sp- or sp-hybridised C, N or O 
atom or a carbonyl group. Thus, for example, systems such as 
9.9'-spirobifluorene, 9,9-diarylfluorene, triarylamine, diary1 
ether, Stilbene, etc., are also intended to be taken to mean 
aromatic ring systems for the purposes of this invention, and 
likewise systems in which two or more aryl groups are inter 
rupted, for example, by a linear or cyclic alkyl, alkenyl or 
alkynyl group or by a silyl group. 

For the purposes of this invention, a cyclic alkyl, alkenyl, 
alkynyl, alkoxy or thioalkoxy group is taken to mean a mono 
cyclic, bicyclic or polycyclic group. 

For the purposes of the present invention, a C- to Cao-alkyl 
group, in which, in addition, individual H atoms or CH 
groups may be substituted by the above-mentioned groups, is 
preferably taken to mean the radicals methyl, ethyl, n-propyl. 
i-propyl. n-butyl, i-butyl, s-butyl, t-butyl, 2-methylbutyl, 
n-pentyl, S-pentyl, tert-pentyl, 2-pentyl, cyclopentyl, n-hexyl, 
S-hexyl, tent-hexyl, 2-hexyl, 3-hexyl, cyclohexyl, 2-methyl 
pentyl, n-heptyl, 2-heptyl, 3-heptyl, 4-heptyl, cycloheptyl, 
1-methylcyclohexyl, n-octyl, 2-ethylhexyl, cyclooctyt, 1-bi 
cyclo2.2.2]octyl, 2-bicyclo2.2.2]octyl, 2-(2,6-dimethyl)oc 
tyl, 3-(3,7-dimethyl)octyl, trifluoromethyl, pentafluoroethyl, 
2.2.2-trifluoroethyl, ethenyl, propenyl, butenyl, pentenyl, 
cyclopentenyl, hexenyl, cyclohexenyl, heptenyl, cyclohepte 
nyl, octenyl, cyclooctenyl, ethynyl, propynyl, butynyl, pen 
tynyl, hexynyl, heptynyl or octynyl. A C- to Co-alkoxy 
group is preferably taken to mean methoxy, trifluoromethoxy, 
ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, S-butoxy, 
t-butoxy or 2-methylbutoxy. An aromatic or heteroaromatic 
ring system having 5-60 aromatic ring atoms, which may also 
in each case be substituted by the radicals R mentioned above 
and may be linked to the aromatic or heteroaromatic group via 
any desired positions, is taken to mean, in particular, groups 
derived from benzene, naphthalene, anthracene, phenan 
threne, pyrene, chrysene, perylene, fluoranthene, benzofluo 
ranthene, naphthacene, pentacene, benzopyrene, biphenyl, 
biphenylene, terphenyl, terphenylene, fluorene, spirobifluo 
rene, dihydrophenanthrene, dihydropyrene, tetrahydropy 
rene, cis- or trans-indenofluorene, cis- or trans-monobenzoin 
denofluorene, cis- or trans-dibenzoindenofluorene, truXene, 
isotruXene, SpirotruXene, spiroisotruXene, furan, benzofuran, 
isobenzofuran, dibenzofuran, thiophene, benzothiophene, 
isobenzothiophene, dibenzothiophene, pyrrole, indole, isoin 
dole, carbazole, pyridine, quinoline, isoquinoline, acridine, 
phenanthridine, benzo-5,6-quinoline, benzo-6,7-quinoline, 
benzo-7,8-quinoline, phenothiazine, phenoxazine, pyrazole, 
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indazole, imidazole, benzimidazole, naphthimidazole, 
phenanthrimidazole, pyridimidazole, pyrazinimidazole, qui 
noxalinimidazole, oxazole, benzoxazole, naphthoxazole, 
anthroxazole, phenanthroxazole, isoxazole, 1,2-thiazole, 1.3- 
thiazole, benzothiazole, pyridazine, benzopyridazine, pyri 
midine, benzopyrimidine, quinoxaline, 1,5-diazaanthracene, 
2,7-diazapyrene, 2,3-diazapyrene, 1,6-diazapyrene, 1,8-di 
azapyrene, 4.5-diazapyrene, 4.5.9,10-tetraazaperylene, pyra 
Zine, phenazine, phenoxazine, phenothiazine, fluorubin, 
naphthyridine, azacarbazole, benzocarboline, phenanthro 
line, 1,2,3-triazole, 1,2,4-triazole, benzotriazole, 1.2.3-oxa 
diazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1.3,4-oxadiaz 
ole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole, 
1,3,4-thiadiazole, 1,3,5-triazine, 1,2,4-triazine, 1,2,3-triaz 
ine, tetrazole, 1,2,4,5-tetrazine, 1,2,3,4-tetrazine, 1.2.3,5-tet 
razine, purine, pteridine, indolizine and benzothiadiazole. 
The embodiments of the compound of the formula (1) as 

preferably used in the electronic device are described below. 
Preference is given to compounds of the formula (1), char 

acterised in that they are uncharged, i.e. are electrically neu 
tral. This is achieved in a simple manner in that the charge of 
the ligands L and of the radical R on the isonitrile ligand is 
selected so that it compensates for the charge of the com 
plexed metal atom M. 

Preference is furthermore given to compounds of the for 
mula (1), characterised in that the sum of the Valence elec 
trons around the metal atom is 16 in pentacoordinated com 
plexes and 18 in hexacoordinated complexes. This preference 
is due to the particular stability of these metal complexes (see, 
for example, Elschenbroich, Salzer, Organometallchemie 
Organometallic Chemistry, Teubner Studienbücher, Stut 
tgart 1993). 

Preference is given to compounds of the formula (1) in 
which M stands for a pentacoordinated or hexacoordinated 
transition metal, particularly preferably selected from the 
group consisting of chromium, molybdenum, tungsten, rhe 
nium, ruthenium, osmium, rhodium, iridium, nickel, plati 
num, copper, silver and gold, in particular molybdenum, 
tungsten, rhenium, ruthenium, osmium, iridium, platinum 
and gold. The metals here can be in various oxidation states. 
Preference is given here to the above-mentioned metals in the 
oxidation states Cr(0), Cr(II), Cr(III), Cr(IV), Cr(VI), Mo(0), 
Mo(II), Mo(III), Mo(IV), W(0), W(II), W(III), W(IV), Re(I), 
Re(II), Re(III), Re(IV), Ru(II), Ru(III), Os(II), Os(III), 
Os(IV), Rh(I), Rh(III), Ir(I), Ir(III), Ir(IV), Ni(0), Ni(II), 
Ni(IV), Pt(IV), Cu(I), Cu(II), Cu(III), Ag(II), Au(III) and 
Au(V); very particular preference is given to Mo(0), W(O), 
Re(I), Ru(II), Os(II), Rh(III), Ir(III) and Pt(IV). 

In a preferred embodiment of the invention, M is a penta 
coordinated metal and the index X stands for 3 or 5. In a 
further preferred embodiment of the invention, M is a hexa 
coordinated metal and the index X stands for 3, 4 or 6. 

In an embodiment of the invention, one or more of the 
isonitrile ligands are monodentate ligands. In this case, the 
substituent R preferably stands, identically or differently on 
each occurrence, for a straight-chain alkyl group having 1 to 
20 C atoms or a branched or cyclic alkyl group having 3 to 20 
C atoms, each of which may be substituted by one or more 
radicals R', where one or more non-adjacent CH2 groups may 
be replaced by R'C=CR', C=C, Si(R'), Ge(R'), Sn(R'), 
C=O, C-S, C-Se, C=NR', P(=O)(R'), SO, SO, NR', 
O, S or CONR' and where one or more H atoms may be 
replaced by D, F, Cl, Br, I, CN or NO, or for a monovalent 
aromatic or heteroaromatic ring system having 5 to 40 aro 
matic ring atoms, which may in each case be substituted by 
one or more radicals R', or for a combination of these sys 
tems. If the isonitrile ligand is a monodentate ligand, the 
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6 
substituent R particularly preferably stands on each occur 
rence, identically or differently, for a straight-chain alkyl 
group having 1 to 10 C atoms or a branched or cyclic alkyl 
group having 3 to 10 C atoms, each of which may be substi 
tuted by one or more radicals R', where one or more non 
adjacent CH groups may be replaced by R'C=CR', C=C, 
C—O, C=S or O and where one or more H atoms may be 
replaced by D, F or CN, or for a monovalent aromatic or 
heteroaromatic ring system having 5 to 20 aromatic ring 
atoms, which may in each case be substituted by one or more 
radicals R', or for a combination of these systems. In a very 
particularly preferred embodiment of the invention, the sub 
stituent R is on each occurrence, identically or differently, a 
monovalent aromatic or heteroaromatic ring system having 5 
to 20 aromatic ring atoms, which may in each case be substi 
tuted by one or more radicals R'. 

Examples of monodentate isonitrile ligands are aliphatic 
isonitriles, such as, for example, methylisonitrile, trifluorom 
ethylisonitrile, isopropylisonitrile, tert-butylisonitrile, cyclo 
hexylisonitrile or adamantylisonitrile, or aromatic isonitriles, 
Such as, for example, phenylisonitrile, mesitylisonitrile, 2.6- 
dimethylphenylisonitrile, 2,6-diisopropylphenylisonitrile or 
2,6-di-tert-butylphenylisonitrile. Preference is given to aro 
matic isonitriles. If R Stands for an aromatic or heteroaro 
matic ring system, this is preferably Substituted by Substitu 
ents R' other than H, in particular by alkyl groups, ortho to the 
isonitrile group in at least one position, particularly prefer 
ably ortho to the isonitrile group in both positions. 
The radicals R on the isonitrile groups may also be linked 

to one another and thus form a ring system together with the 
metal M. Thus, two radicals R may be linked to one another to 
form bidentate isonitrile ligands. Three radicals R may like 
wise be linked to one another to form tridentate isonitrile 
ligands. The formation of tetradentate, pentadentate and 
hexadentate ligands is likewise possible entirely analogously. 
The ligand L. may likewise bond to the radical R on the 
isonitrile ligand and thus form a ring system together with the 
metal M, giving bidentate ligands which coordinate via an 
isonitrile group and a further group. The formation of tri-, 
tetra-, penta- and hexadentate ligands from the radicals R' on 
the ligand L and the radicals R on the isonitrile is possible 
entirely analogously. 

In a preferred embodiment of the invention, the substitu 
ents R form a chain-shaped, branched or mono- or polycyclic, 
aliphatic, aromatic and/or benzo-fused structure with one 
another and/or together with the ligand L and thus have a 
polydentate or polypodal ligand character. 

Preferred polydentate isonitrile ligands as can be used in 
complexes of the formula (1) have a structure of the formula 
(2) or formula (3): 

formula (2) 

formula (3) 

2-in 

Z 
Y 

Y 
L 

s 
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where R' and L have the meanings mentioned above, and the 
following applies to the other symbols and indices used: 
Y is on each occurrence, identically or differently, a single 

bond, O, S, N(R'), C=O, a straight-chain alkylene group 
having 1 to 6 C atoms or a branched or cyclic alkylene 
group having 3 to 6 C atoms, each of which may be Sub 
stituted by one or more radicals R', where one or more 
non-adjacent CH groups may be replaced by RC=CR', 
NR', Si(R'), O or S and where one or more H atoms may 
be replaced by D. F. Cl, Br, I, CN or NO, or an arylene or 
heteroarylene group having 5 to 20 aromatic ring atoms, 
which may be substituted by one or more radicals R', or a 
combination of these systems; 

V is B, B(R'), CR, CO, CN(R'). SiR', N, NO, N(R')", P. 
P(R')", PO, PS, As, As(R')", ASO, S", Se", or a unit of the 
formulae (4) to (7): 

formula (4) 

formula (5) 

formula (6) 

formula (7) 

where the dashed bonds in each case indicate the bonding 
to Y: 

Z is BR', B(R'), C(R), C(=O), Si(R), NR, PR, 
P(R')", PO(R'), PS(R), AsR', AsO(R'), AsS, O, S, Se, or 
a unit of the formulae (8) to (17): 

formula (8) 

formula (9) 
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-continued 

formula (10) 

formula (11) 

RI 

R1 RI 

R1 
formula (12) 

R. RI 

R1 RI 

formula (13) 

formula (14) 
RI 

R1 

N , 
R1 

formula (15) 
R1 RI 

formula (16) 
R1 

Y=y 
formula (17) 

R RI 

where the dashed bonds in each case indicate the bonding 
to Y: 

n is 1, 2 or 3, preferably 2 or 3: 
m is 1 or 2, preferably 2. 
The bridge length in the ligands of the formulae (2) and (3) 

is preferably between 6 and 12 atoms. The bridge length is 
taken to mean the number of atoms in the two groups Yand in 
the group V or Z which represent the direct connection 
between the isonitrile groups or between the isonitrile group 
and the ligand group L. The bridge length is particularly 
preferably between 7 and 10 atoms, very particularly prefer 
ably between 7 and 9 atoms. 

Examples of Suitable ligands are the polypodal isonitrile 
ligands disclosed in F. E. Hahn et al., J. Organomet. Chem. 
1994, 467, 103-111, F. E. Hahn et al., J. Organomet. Chem. 
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1991, 410, C9-C12, F. E. Hahn et al., Angew. Chem. 1992, 
104, 1218-1221, F. E. Hahn et al., Angew. Chem. 1991, 103, 
213-215, F. E. Hahn et al., Organometallics 1994, 13,3002 
3008 and F. E. Hahn et al., Organometallics 1992, 11, 84-90. 

Examples of particularly preferred ligands of the formulae 
(2) and (3) are the ligands of the formulae (18) to (28) 
depicted below, each of which may be substituted by one or 
more radicals R': 

formula (18) 

NN aN 
formula (19) 

NN aN 
formula (20) 

N N 

formula (21) 

formula (22) 

formula (23) 
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10 
-continued 

formula (24) 

formula (25) 

formula (26) 

formula (27) 

formula (28) 

In a preferred embodiment of the invention, the metal M is 
pentacoordinated and the compound of the formula (1) con 
tains a tridentate ligand of the formula (2) and a bidentate 
ligand of the formula (3). 

In a further preferred embodiment of the invention, the 
metal M is hexacoordinated and the compound of the formula 
(1) contains either two tridentate ligands of the formula (2) or 
three bidentate ligands of the formula (3). 
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Preferred ligands L as occur in formula (1) are described 
below. The ligand groups L in the ligands of the formulae (2) 
and (3) can also be selected correspondingly, in which case 
they are bonded to the group Y. 

The ligands L are preferably neutral, monoanionic, dian 
ionic or trianionic ligands, particularly preferably neutral or 
monoanionic ligands. They may be monodentate, but are 
preferably bidentate or tridentate, i.e. preferably have two or 
three coordination sites. The ligands L. may also be bonded to 
the radical R. Preferred embodiments here are the ligands of 
the formulae (2) and (3) mentioned above. In ligands of the 
formulae (2) and (3), L is preferably a monodentate orbiden 
tate ligand. 

Preferred neutral, monodentate ligands L are selected from 
carbon monoxide, nitrogen monoxide, amines, such as, for 
example, trimethylamine, triethylamine, morpholine, phos 
phines, in particular halophosphines, trialkylphosphines, tri 
arylphosphines or alkylarylphosphines, such as, for example, 
trifluorophosphine, trimethylphosphine, tricyclohexylphos 
phine, tri-tert-butylphosphine, triphenylphosphine, tris(pen 
tafluorophenyl)phosphine, phosphites, such as, for example, 
trimethyl phosphite, triethyl phosphite, arsines, such as, for 
example, trifluoroarsine, trimethylamine, tricyclohexylars 
ine, tri-tert-butylarsine, triphenylarsine, tris(pentafluorophe 
nyl)arsine, Stibines, such as, for example, trifluorostibine, 
trimethylstibine, tricyclohexylstibine, tri-tert-butylstibine, 
triphenylstibine, tris(pentafluorophenyl)stibine, nitrogen 
containing heterocycles. Such as, for example, pyridine, 
pyridazine, pyrazine, pyrimidine, triazine, and carbenes, in 
particular Arduengo carbenes. 

Preferred monoanionic, monodentate ligands L are 
selected from hydride, deuteride, the halides F, Cl, Brand I, 
alkylacetylides, such as, for example, methyl-C=C, tert 
butyl-C=C, arylacetylides, such as, for example, phenyl 
C=C., cyanide, azide, cyanate, isocyanate, thiocyanate, 
isothiocyanate, aliphatic or aromatic alcoholates. Such as, for 
example, methanolate, ethanolate, propanolate, iso-propano 
late, tert-butylate, phenolate, aliphatic or aromatic thioalco 
holates, such as, for example, methanethiolate, ethanethi 
olate, propanethiolate, iso-propanethiolate, tert-thiobutylate, 
thiophenolate, amides, such as, for example, dimethylamide, 
diethylamide, di-iso-propylamide, morpholide, carboxylates, 
Such as, for example, acetate, trifluoroacetate, propionate, 
benzoate, aryl groups, such as, for example, phenyl, naphthyl, 
and anionic, nitrogen-containing heterocycles, such as pyr 
rolide, imidazolide, pyrazolide. The alkyl groups in these 
groups are preferably C-Co-alkyl groups, particularly pref 
erably C-Co-alkyl groups, very particularly preferably 
C-C-alkyl groups. An aryl group is also taken to mean 
heteroaryl groups. These groups are as defined above. 

Preferred di- or trianionic ligands are O', S', carbides, 
which result in coordination in the form R C=M, and 
nitrenes, which result in coordination in the form R—N=M, 
where R generally stands for a substituent, or N. 

Preferred neutral or mono- or dianionic bidentate or poly 
dentate ligands L are selected from diamines, such as, for 
example, ethylenediamine, N.N.N',N'-tetramethylethylene 
diamine, propylenediamine, N.N.N',N'-tetramethylpropy 
lenediamine, cis- or trans-diaminocyclohexane, cis- or trans 
N.N.N',N'-tetramethyldiaminocyclohexane, imines, such as, 
for example, 2-1-(phenylimino)ethylipyridine, 24'-(2-meth 
ylphenylimino)ethylpyridine, 2-1-(2,6-di-iso-propylphe 
nylimino)ethylpyridine, 2-1-(methylimino)ethyl-pyridine, 
2-1-(ethylimino)ethylpyridine, 24'-(iso-propylimino)eth 
ylipyridine, 2-1-(tert-butylimino)ethylpyridine, dimines, 
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12 
Such as, for example, 1.2-bis(methylimino)ethane, 1.2-bis 
(ethylimino)ethane, 1,2-bis(iso-propylimino)ethane, 1.2-bis 
(tert-butylimino)ethane, 2,3-bis(methylimino)butane, 2,3- 
bis(ethylimino)butane, 2,3-bis(iso-propylimino)butane, 2,3- 
bis(tert-butylimino)butane, 1,2-bis(phenylimino)ethane, 1,2- 
bis(2-methylphenylimino)ethane, 1.2-bis(2,6-di-iso 
propylphenylimino)ethane, 1,2-bis(2,6-di-tert 
butylphenylimino)ethane, 2,3-bis(phenylimino)butane, 2,3- 
bis(2-methylphenylimino)butane, 2,3-bis(2,6-di-iso 
propylphenylimino)butane, 2,3-bis(2,6-di-tert 
butylphenylimino)butane, heterocycles containing two 
nitrogen atoms, such as, for example, 2,2'-bipyridine, 
o-phenanthroline, diphosphines, such as, for example, bis 
(diphenylphosphino)methane, bis(diphenylphosphino) 
ethane, bis(diphenylphosphino)propane, bis(diphenylphos 
phino)butane, bis(dimethylphosphino)methane, bis 
(dimethylphosphino)ethane, bis(dimethylphosphino) 
propane, bis(dimethylphosphino)butane, bis 
(diethylphosphino)methane, bis(diethylphosphino)ethane, 
bis(diethylphosphino)propane, bis(diethylphosphino)bu 
tane, bis(di-tert-butylphosphino)methane, bis(di-tert-bu 
tylphosphino)ethane, bis(tert-butylphosphino)propane, bis 
(di-tert-butylphosphino)butane, 1,3-diketonates derived 
from 1,3-diketones, such as, for example, acetylacetone, ben 
Zoylacetone, 1.5-diphenylacetylacetone, dibenzoylmethane, 
bis(1,1,1-trifluoroacetyl)methane, 3-ketonates derived from 
3-ketoesters, such as, for example, ethyl acetoacetate, car 
boxylates derived from aminocarboxylic acids, such as, for 
example, pyridine-2-carboxylic acid, quinoline-2-carboxylic 
acid, glycine, N,N-dimethylglycine, alanine, N,N-dimethy 
laminoalanine, Salicyliminates derived from salicylimines, 
Such as, for example, methylsalicylimine, ethylsalicylimine, 
phenylsalicylimine, dialcoholates derived from dialcohols, 
Such as, for example, ethylene glycol, 1,3-propylene glycol, 
and dithiolates derived from dithiols, such as, for example, 
1.2-ethylenedithiol, 1,3-propylenedithiol. 

Preferred tridentate ligands are borates of nitrogen-con 
taining heterocycles, such as, for example, tetrakis(1-imida 
Zolyl)borate and tetrakis(1-pyrazolyl)borate. 

Preference is furthermore given to bidentate monoanionic 
ligands L which, with the metal, form a cyclometallated five 
or six-membered ring with at least one metal-carbon bond, in 
particular a cyclometallated five-membered ring. These are, 
in particular, ligands as are generally used in the area of 
phosphorescent metal complexes for organic electrolumines 
cent devices, i.e. ligands of the type phenylpyridine, naphth 
ylpyridine, phenylduinoline, phenylisoquinoline, etc., each 
of which may be substituted by one or more radicals R'. A 
multiplicity of such ligands is known to the person skilled in 
the art in the area of phosphorescent electroluminescent 
devices, and he will be able, without inventive step, to select 
further ligands of this type as ligand L for compounds of the 
formula (1). The combination of two groups as depicted by 
the following formulae (29) to (56) is generally particularly 
Suitable for this purpose, where one group is bonded via a 
neutral nitrogen atom or a carbene atom and the other group 
is bonded via a negatively charged carbon atom or a nega 
tively charged nitrogen atom. The ligand L can then be 
formed from the groups of the formulae (29) to (56) through 
these groups bonding to one another in each case at the 
position denoted by it. The position at which the groups 
coordinate to the metal is denoted by *. In ligands of the 
formula (2) or (3), individual groups of these may also be 
bonded as ligand L to the group Y of the ligand. 



it. 
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formula (29) 

formula (30) 

formula (31) 

formula (32) 

formula (33) 

formula (34) 

formula (35) 

formula (36) 

formula (37) 
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14 
-continued 

formula (38) 

formula (39) 

formula (40) 

formula (41) 

formula (42) 

formula (43) 

formula (44) 

formula (45) 

formula (46) 

formula (47) 
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-continued 
formula (48) 

it. 

N N. 

formula (49) 

formula (50) 

formula (51) 

formula (52) 

formula (53) 

formula (54) 

formula (55) 

formula (56) 

The symbols used have the same meaning as described 
above, and X stands, identically or differently on each occur 
rence, for CR' or N, with the proviso that a maximum of three 
symbols X in each group stand for N. Preferably a maximum 
of two symbols X in each group stand for N, particularly 
preferably a maximum of one symbol X in each group stands 
for N, very particularly preferably all symbols X stand for 
CR". 

Likewise preferred ligands L are m-cyclopentadienyl, 
m-pentamethyl-cyclopentadienyl, m-benzene or m-cyclo 
heptatrienyl, each of which may be substituted by one or more 
radicals R'. 

Likewise preferred ligands L are 1.3.5-cis-cyclohexane 
derivatives, in particular of the formula (57), 1,1,1-tri(meth 
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16 
ylene)methane derivatives, in particular of the formula (58), 
and 1,1,1-trisubstituted methanes, in particular of the formu 
lae (59) and (60): 

formula (57) 

formula (58) 

formula (59) 

formula (60) 

where the coordination to the metal M is shown in each of the 
formulae, R' has the meaning mentioned above, and A stands, 
identically or differently on each occurrence, for O, S, 
COO, P(R'), or N(R'). 
The isonitrile complexes can be prepared, for example, by 

a Substitution reaction, in which metal complexes are reacted 
with the isonitrile ligands, optionally in the presence of a 
catalyst, to give the desired isonitrile complexes. In this way, 
tri-, tetra-, penta- and hexaisonitrile molybdenum or tungsten 
compounds are accessible, for example, starting from molyb 
denum or tungsten hexacarbonyl or olefinmolybdenum or 
-tungsten carbonyl complexes. This type of reaction is Suit 
able both for the reaction of monodentate and also of poly 
dentate isonitrile ligands. Palladium(II) oxide can be added as 
catalyst (Albers et al., J. Chem. Edu. 1986, 63(5), 444; Coville 
et al., Inorg. Chim. Acta 1982, 65, L7-L8:Yamamoto et al., J. 
Organomet. Chem. 1985, 282, 191; Hahn et al., Organome 
tallics 1994, 13,3002: F. Hahn et al., Organometallics 1992, 
11, 84). 

M(CO)6 + IPO 
M = Mo, W 

R-NC 

n = 3, 4, 5, 6 
M(CO) (CN-R) 

In addition, metal salts can be reacted with isonitrile 
ligands to give isonitrilemetal halides, and the halide ligands 
therein can Subsequently be exchanged for other mono- or 
polydentate ligands. 
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IrCl3 + R-NC -- (R-NC)IrCl (7) 

(R-NC)IrCl3 + 3 L -> (R-NC)IrL3 + 3 CI 

Both the isonitrile ligand and the ligand L here may be 
mono- or polydentate. 6 

Examples of preferred compounds of the formula (1) are 10 (8) 

Mo E N FF 
structures (1) to (98) depicted below. 
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The complexes of the formula (1) described above and the 
preferred embodiments mentioned above are used as active 
component in the electronic device. Active components are 
generally the organic or inorganic materials which have been 

65 introduced between anode and cathode, for example charge 
injection, charge-transport or charge-blocking materials, but 
in particular emission materials and matrix materials. The 
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compounds according to the invention exhibit particularly 
good properties for these functions, in particular as emission 
material in organic electroluminescent devices. Organic elec 
troluminescent devices are therefore a preferred embodiment 
of the invention. 
The organic electroluminescent device comprises cathode, 

anode and at least one emitting layer. Apart from these layers, 
it may also comprise further layers, for example in each case 
one or more hole-injection layers, hole-transport layers, hole 
blocking layers, electron-transport layers, electron-injection 
layers, exciton-blocking layers, charge-generation layers 
and/or organic or inorganic pfnjunctions. Interlayers, which 
have, for example, an exciton-blocking function and/or con 
trol the charge balance in the electroluminescent device, may 
likewise be introduced between two emitting layers. How 
ever, it should be pointed out that each of these layers does not 
necessarily have to be present. The organic electrolumines 
cent device may comprise one emitting layer or it may com 
prise a plurality of emitting layers. If a plurality of emission 
layers are present, these preferably have in total a plurality of 
emission maxima between 380 nm and 750 nm, resulting 
overall in white emission, i.e. various emitting compounds 
which are able to fluoresce or phosphoresce are used in the 
emitting layers. Particular preference is given to three-layer 
systems, where the three layers exhibit blue, green and orange 
or red emission (for the basic structure, see, for example, WO 
05/011013), or systems which have more than three emitting 
layers. 

In a preferred embodiment of the invention, the organic 
electronic device comprises the compound of the formula (1) 
or the preferred embodiments mentioned above as emitting 
compound in one or more emitting layers. 

If the compound of the formula (1) is employed as emitting 
compound in an emitting layer, it is preferably employed in 
combination with one or more matrix materials. The mixture 
of the compound of the formula (1) and the matrix material 
comprises between 1 and 99% by vol., preferably between 2 
and 90% by vol., particularly preferably between 3 and 40% 
by vol., in particular between 5 and 15% by vol., of the 
compound of the formula (1), based on the entire mixture 
comprising emitter and matrix material. Correspondingly, the 
mixture comprises between 99 and 1% by vol., preferably 
between 98 and 10% by vol., particularly preferably between 
97 and 60% by vol., in particular between 95 and 85% by vol., 
of the matrix material, based on the entire mixture comprising 
emitter and matrix material. 

Preferred matrix materials are CBP (N,N-biscarbazolylbi 
phenyl), carbazole derivatives (for example in accordance 
with WO 05/039246, US 2005/0069729, JP 2004/288381, EP 
1205527 or WO 08/086,851), aza-carbazoles (for example in 
accordance with EP 1617710, EP 1617711, EP 1731584, JP 
2005/347160), ketones (for example in accordance with WO 
04/093207 or the unpublished application DE 
102008033943.1), phosphine oxides, sulfoxides and sulfones 
(for example in accordance with WO 05/003253), oligophe 
nylenes, aromatic amines (for example in accordance with 
US 2005/0069729), bipolar matrix materials (for example in 
accordance with WO 07/137.725), silanes (for example in 
accordance with WO 05/111172), 9,9-diarylfluorene deriva 
tives (for example in accordance with the unpublished appli 
cation DE 102008017591.9), azaboroles, boronic esters (for 
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34 
example in accordance with WO 06/117052), indolocarba 
Zoles (WO 07/063,754, WO 08/056,746), triazine derivatives 
(WO 07/063,754 or the unpublished application DE 
102008036982.9), zinc complexes (EP 652273 or the unpub 
lished application DE 10200705377.1.0). 

Preference is furthermore given to an organic electrolumi 
nescent device, characterised in that one or more layers are 
applied by means of a Sublimation process, in which the 
materials are applied by vapour deposition in vacuum Subli 
mation units at an initial pressure of less than 10 mbar, 
preferably less than 10 mbar. 

Preference is likewise given to an organic electrolumines 
cent device, characterised in that one or more layers are 
applied by means of the OVPD (organic vapour phase depo 
sition) process or with the aid of carrier-gas Sublimation, in 
which the materials are applied at a pressure between 10 
mbar and 1 bar. A special case of this process is the OVJP 
(organic vapour jet printing) process, in which the materials 
are applied directly through a nozzle and structured in this 
way (for example M. S. Arnold et al., Appl. Phys. Lett. 2008, 
92,053301). 

Preference is furthermore given to an organic electrolumi 
nescent device, characterised in that one or more layers are 
produced from Solution, such as, for example, by spin coat 
ing, or by means of any desired printing process, such as, for 
example, Screen printing, flexographic printing or offset 
printing, but particularly preferably LITI (light induced ther 
mal imaging, thermal transfer printing) or ink-jet printing. 
Soluble compounds, which are obtained, for example, by 
Suitable Substitution, are necessary for this purpose. 
The organic electroluminescent device can also be pro 

duced as a hybrid system by applying one or more layers from 
Solution and vapour-depositing one or more other layers. 
Since the compounds of the formula (1) generally have high 
solubility in organic solvents, these compounds can be pro 
cessed well from solution. Thus, it is possible, for example, to 
apply an emitting layer comprising a compound of the for 
mula (1) and a matrix material from Solution and to apply a 
hole-blocking layer and/or an electron-transport layer on top 
by vacuum vapour deposition. 

These processes are generally known to the person skilled 
in the art and can be applied by him without problems to 
organic electroluminescent devices comprising compounds 
of the formula (1) or the preferred embodiments mentioned 
above. 

Metal complexes which contain the ligands of the formula 
(27) and/or (28) mentioned above are novel and are therefore 
likewise a Subject-matter of the present invention. 
The invention therefore furthermore relates to metal com 

plexes of the formula (1) 

formula (1) 
(L). M--CEN-R), 

where the symbols and indices used have the meanings men 
tioned above, and at least one of the isonitrile ligands is 
selected from ligands of the formulae (27) and (28), each of 
which may also be substituted by one or more radicals R': 
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formula (27) 

formula (28) 

The same preferences as described above apply in com 
plexes of the formula (1) to the choice of the metals and any 
further ligands present. 

Solutions of the compounds of the formula (1") are neces 
sary for application from solution. The invention therefore 
furthermore relates to solutions comprising at least one com 
pound of the formula (1) and at least one organic solvent, 
preferably selected from the class of the aromatic organic 
Solvents, for example dimethylanisole. 
The invention furthermore relates to ligands of the formu 

lae (27) and (28) depicted above, each of which may be 
substituted by one or more radicals R'. 
The electronic devices according to the invention, in par 

ticular organic electroluminescent devices, are distinguished 
by the following Surprising advantages over the prior art: 
1. Organic electroluminescent devices comprising com 
pounds of the formula (1) as emitting materials have an 
excellent lifetime. 

2. Organic electroluminescent devices comprising com 
pounds of the formula (1) as emitting materials have excel 
lent efficiency. 

3. The luminescence lifetime of many compounds of the 
formula (1) at room temperature is in the region of less than 
100 ns and is thus more than an order of magnitude less 
than the luminescence lifetime of iridium complexes or 
platinum complexes, as employed in accordance with the 
prior art in organic electroluminescent devices. The com 
pounds of the formula (1) are therefore also particularly 
Suitable for use in organic electroluminescent devices with 
passive-matrix addressing. 
These advantages mentioned above are not accompanied 

by an impairment of the further electronic properties. 
The invention is explained in greater detail by the follow 

ing examples, without wishing to restrict it thereby. The per 
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36 
son skilled in the art will be able to produce further electronic 
devices according to the invention from the descriptions with 
out inventive step. 

EXAMPLES 

Examples 1 to 9 

Synthesis of the Metal Complexes 

The following syntheses are carried out under a protective 
gas atmosphere in dried solvents, unless indicated otherwise. 
The solvents and reagents can be purchased from ALDRICH 
or ABCR. 

Hexakis(phenyl)sonitrile)molybdenum(0) (Example 1), 
hexakis(phenylisonitrile)tungsten(0) (Example 2) and 
hexakis(2,4,6-tri-tert-butylphenylisonitrile)tungsten(0) (Ex 
ample 3) can be prepared by the method of Albers et al., J. 
Chem. Edu. 1986, 63(5), 444, Coville et al., Inorg. Chim. Acta 
1982, 65, L7-L8, or Yamamoto et al., J. Organomet. Chem. 
1985, 282, 191. The compounds are repeatedly recrystallised 
from toluene/ethanol (1:2-1:1). The purities achieved in this 
way are typically >99.8% according to 'H-NMR. 

Example 4 

Trisphenylisonitrilecis,cis-1,3,5-cyclohexanetriyltris 
diphenylphosphine-P.P.P"molybdenum(0) 

Nile 
Ph26, PPh2 

3.6 g (35 mmol) of phenylisonitrile and 50 mg of palladium 
(II) oxide are added to a suspension of 8.2 g (10 mmol of 
tricarbonylcis,cis-1,3,5-cyclohexanetriyltrisdiphenylphos 
phine-PP"P"molybdenum(0) 156999-20-1 in 100 ml of 
toluene, and the mixture is subsequently stirred under reflux 
for 60 h. After cooling, the palladium(II) oxide is filtered off 
through silica gel, the red solution is concentrated to about 10 
ml in vacuo, and 50 ml of ethanol are then added. After the 
mixture has been stirred for 12 h, the solid is filtered off with 
suction and recrystallised twice from toluene/ethanol. Yield: 
4.3 g (4.1 mmol), 41.3%, purity according to 'H-NMR about 
99.7%. 

The complexes shown in the table were prepared analo 
gously to Example 4 from the corresponding precursors. 
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Example 8 4.2 g (11 mmol) of 1,3,5-tris(1-isocyanophen-2-yl) ben 
Zene are added to a solution of 3.6 g (10 mmol) of cyclohep 
tatrienyltungsten tricarbonyl in 100 ml of toluene, and the 
mixture is subsequently stirred under reflux for 5 h. After 

5 cooling, the mixture is concentrated to about 10 ml in vacuo. 
and 50 ml of heptane are then added, the precipitated solid is 
filtered off with suction, washed three times with 50 ml of 
heptane and recrystallised twice from chlorobenzene. Yield: 
4.8g (7.4 mmol), 73.9%, purity according to 'H-NMR about 
99.9%. 

Example 10 

15 Luminescence Lifetime of the Complexes 

The isonitrile complexes have the following luminescence 
lifetimes at room temperature (by the method of K. Mann et 
al., J. Am. Chem. Soc. 1977, 99(1), 306): 
hexakis(phenylisonitrile)molybdenum(0) (Example 1)=43 
ins; hexakis(phenylisonitrile)tungsten(0) (Example 2)=83 ns. 1,3,5-Tris(1-isocyanophen-2-yl)benzene is prepared from 

1,3,5-tris(1-aminophen-2-yl)benzene 923027-14-9 by the It is clearly evident from this that the metal complexes of 
method of F. E. Hahn et al., J. Organomet. Chem. 467, 130, the formula (1) with isonitrile ligands have a significantly 
1994. shorter luminescence lifetime than iridium or platinum com 

8.0 g (21 mmol) of 1,3,5-tris(1-isocyanophen-2-yl)ben- 25 plexes as usually used in OLEDs in accordance with the prior 
Zene and 50 mg of palladium(II) oxide are added to a solution art. These complexes are thus also particularly Suitable foruse 
of 2.6 g (10 mmol) of molybdenum hexacarbonyl in 100 ml of in electroluminescent devices with passive-matrix address 
toluene, and the mixture is subsequently stirred under reflux ing. 
for 60 h. After cooling, the palladium(II) oxide is filtered off 
through silica gel, the red solution is concentrated to about 10 30 Example 11 
ml in vacuo, and 50 ml of ethanol are then added. After the 
mixture has been stirred for 12 h, the solid is filtered off with Production and Characterisation of Organic 
Suction and then chromatographed on aluminium oxide, neu- Electroluminescent Devices 
tral, activity grade 4, with dichloromethane-diethyl ether 1:5. 
Yield: 6.1 g (7.1 mmol), 71.0%, purity according to 'H-NMR 35 LEDs are produced by the general process outlined below. 
about 99.9%. This must of course be adapted in individual cases to the 

particular circumstances (for example layer-thickness varia 
tion in order to achieve optimum efficiency or colour). 
General Process for the Production of OLEDs: 
Components of this type are produced in accordance with 

the production of polymeric light-emitting diodes (PLEDs) 
which has already been described a number of times in the 
literature (for example in WO 2004/037887 A2). In the 
present case, the compounds according to the invention are 
dissolved in toluene or chlorobenzene together with the 
matrix materials or matrix-material combinations mentioned. 
The typical solids content of such solutions is between 10 and 
25 g/l if, as here, the layer thickness of 80 nm which is typical 
for a device is to be achieved by means of spin coating. 
The following compounds are used as matrix materials: 

Example 9 

compound 1 

959422-18-5 
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-continued 
compound 2 

O ( 
1040882-55-0) 

OLEDs having the following structure are produced analo 
gously to the above-mentioned general process: 

PEDOT 20 nm (spin-coated from water; PEDOT purchased from 
BAYERAG; poly(3,4-ethylenedioxy-2,5-thiophene) 

Matrix + 80 nm, 5% by weight emitter concentration (spin-coated 
emitter from toluene or chlorobenzene) 
BaAg 10 nm of Ba 150 nm of Agas cathode. 

Structured ITO substrates and the material for the so-called 
buffer layer (PEDOT, actually PEDOT:PSS) are commer 
cially available (ITO from Technoprint and others, PEDOT: 
PSS as Clevios Baytron Paqueous dispersion from H.C. 
Starck). The emission layer is applied by spin coating in an 
inert-gas atmosphere, in the present case argon, and dried by 
heating at 120° C. for 10 min. Finally, a cathode comprising 
barium and aluminium is applied by vacuum vapour deposi 
tion. The Solution-processed devices are characterised by 
standard methods, the said OLED examples were not opti 
mised. 

The efficiency and the voltage at 500 cd/mas well as the 
colour are shown in the table. 

Matrix Efficiency Voltage Colour 
Ex. Emitter cod. A V CIE x/y 

12 PVK: 1.4 6.1 O.70.O.28 
Example 1 

13 Compound 1 2.6 5.7 0.690.31 
Example 1 

14 Compound 2 4.0 5.4 0.680.32 
Example 6 

15 Compound 2 3.7 5.5 0.690.31 
Example 8 

16 Comp. 2 (30% by wt.) 4.9 S.1 O.66.O.33 
Comp. 3 (65% by wt.) 
Example 4 

*PVK: Mw = 1,100,000 g/mol, purchased from Aldrich 
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compound 3 

O 

DE102O08033943.1 

The invention claimed is: 
1. An electronic device comprising at least one metal com 

plex of formula (1) 

formula (1) 
(L), M--CEN-R), 

wherein 
M is a penta- or hexacoordinated transition metal selected 

from the group consisting of chromium, molybdenum, 
tungsten, ruthenium, osmium, rhodium, iridium, nickel, 
platinum, copper, silver, and gold; 

L is on each occurrence, identically or differently, a mono-, 
bi- or tridentate ligand which bonds to the metal Mand 
is optionally substituted by one or more radicals R', and 
wherein L is also optionally bonded to the radical R of 
the isonitrile group; 

R is on each occurrence, identically or differently, an 
organic Substituent having 1 to 60 C atoms and option 
ally substituted by one or more substituents R'; wherein 
a plurality of radicals Rare also optionally linked to one 
another and thus form a polydentate ligand, and wherein 
the radical R may also be linked to the ligand L; 

R" is on each occurrence, identically or differently, H. D. F. 
Cl, Br, I, N(R), CN, NO, Si(R), B(OR), C(=O) 
R, P(=O)(R), S(=O)R, S(=O).R, OSOR, a 
straight-chain alkyl, alkoxy or thioalkoxy group having 
1 to 40 C atoms or a straight-chain alkenyl or alkynyl 
group having 2 to 40 C atoms or a branched or cyclic 
alkyl, alkenyl, alkinyl, alkoxy or thioalkoxy group hav 
ing 3 to 40 Catoms, each of which are optionally sub 
stituted by one or more radicals R, wherein one or more 
non-adjacent CH2 groups are optionally replaced by 
R°C–CR, C=C, Si(R), Ge(R), Sn(R), C=O, 
C—S, C-Se, C-NR, P(=O)(R), SO, SONR, O, 
S or CONR, and wherein one or more H atoms are 
optionally replaced by D, F, Cl, Br, I, CN or NO, an 
aromatic or heteroaromatic ring system having 5 to 60 
aromatic ring atoms optionally Substituted by one or 
more radicals R, an aryloxy or heteroaryloxy group 
having 5 to 60 aromatic ring atoms optionally substi 
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tuted by one or more radicals R, a diarylamino group, 
diheteroarylamino group or aryl-heteroarylamino group 
having 10 to 40 aromatic ring atoms optionally Substi 
tuted by one or more radicals R, or a combination of 
these systems; and wherein two or more substituents R' 
optionally define a mono- or polycyclic aliphatic, aro 
matic and/or benzo-fused ring system with one another; 

R is on each occurrence, identically or differently, H, D, F 
or an aliphatic, aromatic and/or heteroaromatic hydro 
carbon radical having 1 to 20 C atoms wherein one or 
more H atoms are optionally replaced by D or F; and 
wherein two or more substituents R optionally define a 
mono- or polycyclic, aliphatic or aromatic ring system 
with one another; 

X is 3, 4, 5 or 6: 
Y is 0, 1, 2 or 3, with the proviso that a coordination number 

on the metal of 5 or 6 is achieved, 
wherein one or more of the isonitrile ligands are monoden 

tate ligands, wherein the substituent R is, identically or 
differently on each occurrence, a straight-chain alkyl 
group having 1 to 40 C atoms or a branched or cyclic 
alkyl group having 3 to 40 C atoms, each of which are 
optionally substituted by one or more radicals R', 
wherein one or more non-adjacent CH2 groups are 
optionally replaced by O, and wherein one or more H 
atoms are optionally replaced by F, a monovalent aro 
matic or heteroaromatic ring system having 5 to 60 
aromatic ring atoms, each of which are optionally Sub 
stituted by one or more radicals R'; or 

wherein the metal complex contains one or more isonitrile 
ligands having a structure of the formula (2) or formula 
(3): 

V. formula (2) 

1. 
s L3 

Z formula (3) 

s L. J2-in 

wherein 

Y is on each occurrence, identically or differently, a single 
bond, O, S, N(R'), C=O, a straight-chain alkylene 
group having 1 to 6 C atoms or a branched or cyclic 
alkylene group having 3 to 6 C atoms, each of which are 
optionally substituted by one or more radicals R', 
wherein one or more non-adjacent CH groups are 
optionally replaced by RC=CR',NR', Si(R'), O or S, 
and wherein one or more H atoms are optionally 
replaced by D, F, Cl, Br, I, CN, or NO, an arylene or 
heteroarylene group having 5 to 20 aromatic ring atoms 
optionally substituted by one or more radicals R', or a 
combination of these systems; 

V is B, B(R'), CR, CO, CN(R'), SiRI, N, NO, N(R')", 
P, P(R')", PO, PS, As. As(R')", AsO.S", Se", or a unit of 
the formula (4), (5), (6), or (7): 
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formula (4) 

formula (5) 

formula (6) 

formula (7) 

where the dashed bonds in each case indicate the bonding 
to Y: 

Z is BR', B(R'), C(R), C(=O), Si(R), NR, PR', 
P(R')", PO(R'), PS(R'), AsR'. AsO(R'), AsS, O, S, Se, 
or a unit of the formulae (8) to (17): 

formula (8) 

formula (9) 

formula (10) 

formula (11) 
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-continued 
formula (12) 

R RI 
5 

formula (13) 10 

RI 15 
formula (14) 

formula (15) 
RI RI 

25 

formula (16) 
R1 

? 30 

formula (17) 

W 8 35 

where the dashed bonds in each case indicate the bonding 
to Y: 

n is 1, 2, or 3: 40 
m is 1 or 2; and 
wherein said metal complex of formula (1) is uncharged. 
2. The electronic device of claim 1, comprising an anode, a 

cathode and at least one layer, wherein said layer comprises at 45 
least one organic or organometallic compound, where said 
organic electronic device is selected from the group consist 
ing of organic electroluminescent devices, organic integrated 
circuits, organic field-effect transistors, organic thin-film 
transistors, organic light-emitting transistors, organic Solar 50 
cells, organic optical detectors, organic photoreceptors, 
organic field-quench devices, light-emitting electrochemical 
cells, and organic laser diodes. 

3. The electronic device of claim 1, wherein the substitu 
ents R form a chain-shaped, branched or mono- or polycyclic, 
aliphatic, aromatic and/or benzo-fused structure with one 
another and/or together with the ligand L, and the ligands thus 
have a polydentate or polypodal ligand character. 

55 

4. The electronic device of claim 1, wherein the number of 
atoms in the groups Yand in the group V or Zwhich represent 
the direct connection between the isonitrile groups or 
between the isonitrile group and the ligand group L is 
between 6 and 12 atoms. 

5. The electronic device of claim 1, wherein the ligands are 65 
selected from ligands of the formulae (18) to (28), each of 
which may be substituted by one or more radicals R': 

& 2 

& 2 

formula (18) 

formula (19) 

formula (20) 

formula (21) 

formula (22) 

formula (23) 

formula (24) 
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-continued 
formula (25) 

SN O 

formula (26) 

N 
| N 

formula (27) 

formula (28) 

6. The electronic device of claim 1, wherein the ligands L 
are selected from the group consisting of carbon monoxide, 
nitrogen monoxide, amines, phosphines, phosphites, arsines, 
Stibines, nitrogen-containing heterocycles, carbenes, 
hydride, deuteride, the halides F, Cl, Brand I, alkylacetylides, 
arylacetylides, cyanide, azide, cyanate, isocyanate, thiocyan 
ate, isothiocyanate, aliphatic or aromatic alcoholates, ali 
phatic or aromatic thioalcoholates, amides, carboxylates, aryl 
groups, anionic, nitrogen-containing heterocycles, O, S, 
carbides, which result in coordination in the form R C=M, 
and nitrenes, which result in coordination in the form 
R N=M, where R generally stands for a substituent, or 
N, diamines, imines, diimines, heterocycles containing two 
nitrogen atoms, diphosphines, 1,3-diketonates derived from 
1,3-diketones, 3-ketonates derived from 3-ketoesters, car 
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48 
boxylates derived from aminocarboxylic acids, Salicylimi 
nates derived from salicylimines, dialcoholates derived from 
dialcohols, dithiolates derived from dithiols, borates of nitro 
gen-containing heterocycles, m-cyclopentadienyl, m-pen 
tamethylcyclopentadienyl, m-benzene or m-cycloheptatrie 
nyl, each of which may be substituted by one or more radicals 
R", or in that the ligand L is a bidentate monoanionic ligand 
which, with the metal, forms a cyclo-metallated five- or six 
membered ring with at least one metal-carbon bond, in par 
ticular a combination of two groups, as represented by the 
formulae (29) to (56), where one group is bonded via a neutral 
nitrogen atom or a carbene atom and the other group is 
bonded via a negatively charged carbon atom or a negatively 
charged nitrogen atom, where the ligand L is then formed 
from the groups of the formulae (29) to (56) through these 
groups bonding to one another in each case at the position 
denoted by it, and the position at which the groups coordinate 
to the metal is denoted by *: 

formula (29) 
it. 

^ : 
X 
Nx 2 

formula (30) 

formula (31) 

formula (32) 

a. 

formula (33) 

formula (34) 

formula (35) 

X 
n 2 
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formula (36) 

formula (37) 

formula (38) 

formula (39) 

formula (40) 

formula (41) 

formula (42) 

formula (43) 

formula (44) 

formula (45) 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

50 
-continued 

it. 

% : 

formula (46) 

formula (47) 

formula (48) 

formula (49) 

formula (50) 

formula (51) 

formula (52) 

formula (53) 

formula (54) 

formula (55) 

formula (56) 
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and X stands, identically or differently on each occurrence, 
for CR' or N, with the proviso that a maximum of three 
symbols X in each group stand for N: 

or in that the ligand L is a 1.3.5-cis-cyclohexane derivative, 
in particular of the formula (57), a 1,1,1-tri(methylene) 
methane derivative, in particular of the formula (58), or 
a 1,1,1-trisubstituted methane, in particular of the for 
mulae (59) and (60): 

formula (57) 

formula (58) 

formula (59) 

formula (60) 

where the coordination to the metal M is shown in each of 
the formulae, and A stands, identically or differently on 
each occurrence, for O, S, COO, P(R') or N(R'). 

7. The electronic device of claim 1, wherein said electronic 
device is an electroluminescent device comprising a cathode, 
an anode and one or more emitting layers and in addition 
optionally in each case one or more hole-injection layers, 
hole-transport layers, hole-blocking layers, electron-trans 
port layers, electron-injection layers, exciton-blocking lay 
ers, charge-generation layers and/or organic or inorganic pin 
junctions, wherein the compound of the formula (1) is 
employed as emission material in an emitting layer. 

8. The electronic device of claim 1, wherein said electronic 
device is an electroluminescent device and wherein the com 
pound of formula (1) is employed in an emitting layer in 
combination with one or more matrix materials. 

9. A process for producing the electronic device of claim 1, 
comprising applying one or more layers by means of a Sub 
limation process, by means of the OVPD process, with the aid 
of carrier-gas sublimation, by means of the OVJP process, 
from solution, and/or by means of a printing process. 

10. A compound of formula (1) 

formula (1) 
(L), M--CEN-R), 
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52 
wherein 
M is a penta- or hexacoordinated transition metal selected 

from the group consisting of chromium, molybdenum, 
tungsten, ruthenium, osmium, rhodium, iridium, nickel, 
platinum, copper, silver, and gold; 

L is on each occurrence, identically or differently, a mono-, 
bi- or tridentate ligand which bonds to the metal Mand 
is optionally substituted by one or more radicals R', and 
wherein L is also optionally bonded to the radical R of 
the isonitrile group; 

R is on each occurrence, identically or differently, an 
organic Substituent having 1 to 60 C atoms and option 
ally substituted by one or more substituents R'; wherein 
a plurality of radicals Rare also optionally linked to one 
another and thus form a polydentate ligand, and wherein 
the radical R may also be linked to the ligand L; 

R" is on each occurrence, identically or differently, H. D. F. 
Cl, Br, I, N(R), CN, NO, Si(R), B(OR), C(=O) 
R, P(=O)(R), S(=O)R’, S(=O).R, OSOR, a 
straight-chain alkyl, alkoxy or thioalkoxy group having 
1 to 40 C atoms or a straight-chain alkenyl or alkynyl 
group having 2 to 40 C atoms or a branched or cyclic 
alkyl, alkenyl, alkinyl, alkoxy or thioalkoxy group hav 
ing 3 to 40 Catoms, each of which are optionally sub 
stituted by one or more radicals R, wherein one or more 
non-adjacent CH groups are optionally replaced by 
R°C—CR, C=C, Si(R), Ge(R), Sn(R), C-O, 
C-S, C-Se, C-NR, P(O)(R), SO, SONR, O, 
S or CONR, and wherein one or more H atoms are 
optionally replaced by D. F. Cl, Br, I, CN or NO, an 
aromatic or heteroaromatic ring system having 5 to 60 
aromatic ring atoms optionally substituted by one or 
more radicals R, an aryloxy or heteroaryloxy group 
having 5 to 60 aromatic ring atoms optionally substi 
tuted by one or more radicals R, a diarylamino group, 
diheteroarylamino group or aryl-heteroarylamino group 
having 10 to 40 aromatic ring atoms optioanly Substi 
tuted by one or more radicals R, or a combination of 
these systems; and wherein two or more substituents R' 
optionally define a mono- or polycyclic aliphatic, aro 
matic and/or benzo-fused ring system with one another; 

R’ is on each occurrence, identically or differently, H. D. F 
or an aliphatic, aromatic and/or heteroaromatic hydro 
carbon radical having 1 to 20 C atoms wherein one or 
more H atoms are optionally replaced by D or F; and 
wherein two or more substituents R optionally define a 
mono- or polycyclic, aliphatic or aromatic ring system 
with one another; 

X is 3, 4, 5 or 6: 
y is 0, 1, 2 or 3, with the proviso that a coordination number 

on the metal of 5 or 6 is achieved, 
and at least one of the isonitrile ligands is selected from 

ligands of formula (27) or (28), each of which are 
optionally substituted by one or more radicals R': 

formula (27) 

N 

r 
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-continued 
formula (28) 

11. A compound of formula (27) or (28), each of which are 
optionally substituted by one or more radicals R', 

formula (27) 

formula (28) 

wherein 
R" is on each occurrence, identically or differently, H.D., F. 

Cl, Br, I, N(R), CN, NO, Si(R), B(OR), C(=O) 
R, P(=O)(R), S(=O)R’, S(=O).R, OSOR, a 
straight-chain alkyl, alkoxy or thioalkoxy group having 
1 to 40 C atoms or a straight-chain alkenyl or alkynyl 
group having 2 to 40 C atoms or a branched or cyclic 
alkyl, alkenyl, alkinyl, alkoxy or thioalkoxy group hav 
ing 3 to 40 C atoms, each of which are optionally sub 
stituted by one or more radicals R, wherein one or more 
non-adjacent CH2 groups are optionally replaced by 
R°C–CR, C=C, Si(R), Ge(R). Sn(R), C=O, 
C-S, C-Se, C–NR, P(=O)(R), SO, SO, NR, O, 
S or CONR, and wherein one or more H atoms are 
optionally replaced by D, F, Cl, Br, I, CN or NO, an 
aromatic or heteroaromatic ring system having 5 to 60 
aromatic ring atoms optionally Substituted by one or 
more radicals R, an aryloxy or heteroaryloxy group 
having 5 to 60 aromatic ring atoms optionally Substi 
tuted by one or more radicals R, a diarylamino group, 
diheteroarylamino group or aryl-heteroarylamino group 
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having 10 to 40 aromatic ring atoms optioanly Substi 
tuted by one or more radicals R, or a combination of 
these systems; and wherein two or more substituents R' 
optionally define a mono- or polycyclic aliphatic, aro 
matic and/or benzo-fused ring system with one another; 
and 

R’ is on each occurrence, identically or differently, H. D. F 
or an aliphatic, aromatic and/or heteroaromatic hydro 
carbon radical having 1 to 20 C atoms wherein one or 
more H atoms are optionally replaced by D or F; and 
wherein two or more substituents R optionally define a 
mono- or polycyclic, aliphatic or aromatic ring system 
with one another. 

12. A Solution or formulation comprising at least one com 
pound of formula (1) 

formula (1) 
(L), M--CEN-R), 

wherein 
M is a penta- or hexacoordinated transition metal selected 

from the group consisting of osmium, rhodium, iridium, 
nickel, platinum, copper, silver, and gold; 

L is on each occurrence, identically or differently, a mono-, 
bi- or tridentate ligand which bonds to the metal Mand 
is optionally substituted by one or more radicals R', and 
wherein L is also optionally bonded to the radical R of 
the isonitrile group; 

R is on each occurrence, identically or differently, an 
organic Substituent having 1 to 60 C atoms and option 
ally substituted by one or more substituents R'; wherein 
a plurality of radicals Rare also optionally linked to one 
another and thus form a polydentate ligand, and wherein 
the radical R may also be linked to the ligand L; 

R" is on each occurrence, identically or differently, H. D. F. 
Cl, Br, I, N(R), CN, NO, Si(R), B(OR), C(=O) 
R, P(=O)(R), S(=O)R, S(=O),R, OSOR, a 
straight-chain alkyl, alkoxy or thioalkoxy group having 
1 to 40 C atoms or a straight-chain alkenyl or alkynyl 
group having 2 to 40 C atoms or a branched or cyclic 
alkyl, alkenyl, alkinyl, alkoxy or thioalkoxy group hav 
ing 3 to 40 Catoms, each of which are optionally sub 
stituted by one or more radicals R, wherein one or more 
non-adjacent CH2 groups are optionally replaced by 
R°C—CR, C=C, Si(R), Ge(R), Sn(R), C=O, 
C-S, C-Se, C-NR, P(=O)(R), SO, SO, NR, O, 
S or CONR, and wherein one or more H atoms are 
optionally replaced by D, F, Cl, Br, I, CN or NO, an 
aromatic or heteroaromatic ring system having 5 to 60 
aromatic ring atoms optionally Substituted by one or 
more radicals R, an aryloxy or heteroaryloxy group 
having 5 to 60 aromatic ring atoms optionally substi 
tuted by one or more radicals R, a diarylamino group, 
diheteroarylamino group or aryl-heteroarylamino group 
having 10 to 40 aromatic ring atoms optioanly Substi 
tuted by one or more radicals R, or a combination of 
these systems; and wherein two or more substituents R' 
optionally define a mono- or polycyclic aliphatic, aro 
matic and/or benzo-fused ring system with one another; 

R’ is on each occurrence, identically or differently, H. D. F 
or an aliphatic, aromatic and/or heteroaromatic hydro 
carbon radical having 1 to 20 C atoms wherein one or 
more H atoms are optionally replaced by D or F; and 
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wherein two or more substituents R optionally define a 
mono- or polycyclic, aliphatic or aromatic ring system 
with one another; 

X is 3, 4, 5 or 6: 
Y is 0, 1, 2 or 3, with the proviso that a coordination number 5 

on the metal of 5 or 6 is achieved; and 
wherein said compound of formula (1") is uncharged, 
and at least one organic solvent. 
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